Previous reports have suggested that measuring radiosensitivity of normal and tumor cells would have significant clinical relevance for the practice of radiation oncology. We hypothesized that radiosensitivity might be predicted by analyzing DNA end-binding complexes (DNA-EBCs), which form at DNA double-strand breaks, the most important cytotoxic lesion caused by radiation. To test this hypothesis, the DNA-EBC pattern of 21 primary human fibroblast cultures and 15 tumor cell lines were studied. DNA-EBC patterns were determined using a modified electrophoretic mobility shift assay and were correlated with radiosensitivity, as measured by SF2. DNA-EBC analysis identified a rapidly migrating ATM-containing band (identified as "band-A") of which the density correlated with SF2 (0.02 < SF2 < 0.41) in primary fibroblasts (r 2 ‫؍‬ 0.77). The DNA-EBC pattern of peripheral blood lymphocytes was identical to that of fibroblasts. In addition, band-A density correlated with SF2 (0.35 < SF2 < 0.80) in 15 human tumor cell lines (r 2 ‫؍‬ 0.91). Densitometry of other bands, or total DNA-EBC binding, correlated more poorly with SF2 (r 2 < 0.45). These data indicate that DNA-EBC analysis may be a practical, clinically relevant predictor of tumor and primary cell radiosensitivity.
INTRODUCTION
Predicting normal tissue and tumor radiosensitivity has been the subject of intensive investigation, but has yet to be routinely integrated into radiotherapy (reviewed in Ref. 1) . Complication risks for an individual irradiated patient can be predicted currently only by the complication rates seen in similar populations. This assessment fails to account for variation in the DNA repair capacity of the individual. Thus, the "standard" dose for a population may be inappropriately low for some patients whose tumors are resistant, whereas this same dose may carry a relatively high risk of complications for others whose normal tissues are sensitive. Modeling data from our group has shown previously that, if the most radiosensitive patients could be identified by a predictive assay, the remaining patients could be safely treated with higher doses (2) . Similarly, those predicted to have the greatest risk of complications because of unusual radiosensitivity can have relatively complex/expensive treatment techniques used in an effort to reduce toxicity. In lung cancer radiotherapy, this might involve the use of respiratory gating, using time-consuming but more reliable patient set-up techniques and perhaps the use of radioprotectors such as amifostine. As more resource-intensive, highly conformal therapies become available (e.g., intensity modulated radiotherapy, proton therapy, and so forth), they could be first applied to patients at greatest risk for side effects. Thus, the development of a good predictor of normal-cell radiosensitivity is becoming increasingly important.
Similarly, predicting tumor radiosensitivity has significant clinical applicability. If such prediction could be done accurately, radiation doses could be tailored to the radiocurability of individual tumors. In addition, such an assay could be helpful in determining the optimal doses and schedules of biological and chemotherapeutic radiosensitizers.
Several groups have published modeling data demonstrating the clinical value of predicting normal tissue and tumor radiosensitivity (3) (4) (5) (6) (7) (8) (9) (10) . These data indicate that both tumor control probability (TCP) and normal tissue complication probability (NTCP) can potentially be improved by individualizing treatment according to the results of predictive assays. The benefits were dependent on the predictive power of the assay, but clinically meaningful benefit could be demonstrated even if the correlation between test results and TCP or NTCP is within the range of 0.4 and 0.6. Even if the assay only stratifies patients and tumors into only three risk categories (low, medium, and high), the potential gain in TCP was predicted to be between 22% and 33%.
Radiosensitivity of cells in vitro has been shown to be predictive of in vivo radiosensitivity in both normal and tumor tissue. Radiosensitivity has been most often measured by determining the surviving fraction after 2 Gy (SF2). This dose has historically been chosen because curative radiotherapy is typically delivered using a daily fraction size of 1.8 -2.0 Gy. How-ever, the quantification of SF2 is time consuming, requiring weeks to grow explants and determine radiosensitivity, and expensive. These problems significantly limit the clinical applicability of the assay. In principal, however, if SF2 could be accurately and reproducibly determined, radiation dose could be individualized to both increase TCP and decrease NTCP. Also by combining tumor and normal radiosensitivity, tumor hypoxia, and proliferative potential measured, a very accurate TCP/NTCP model could be constructed (1) .
Radiotherapy kills cells primarily through DNA damage, and DNA double-strand breaks are thought to be the lethal lesion caused by radiation (11) (12) (13) (14) (15) . The presence of DNA double-strand breaks activates a variety of signal transduction cascades, such as ataxia telangiectasia mutant (ATM) and DNAdependent protein kinase (DNA-PK) pathways, that alter cell functions (e.g., cell cycle) to allow time for DNA repair. Both of these proteins can be found at DNA double-strand breaks, and inactivation of either kinase results in profound radiosensitivity (16 -19) . Obviously, DNA-repair enzymes must also be present at DNA breaks for repair to occur. Thus, we hypothesized that an analysis of DNA-end-binding complexes (EBCs) would be predict radiosensitivity.
We tested our hypothesis using a modified electrophoretic mobility shift assay. Nuclear extracts from cells of interest were mixed with a radiolabeled oligonucleotide. Electrophoresis of this mixture under nondenaturing conditions, followed by autoradiography, led us to identify 10 DNA-EBC bands in the nuclear extracts of unirradiated human cells. The pattern/density of DNA-EBCs was compared in primary and tumor cells with a variety of known radiosensitivities. This approach does not require that cells grow in vitro, nor does it require radiation. Several practical aspects of DNA-EBC analysis were also explored.
MATERIALS AND METHODS
Cell Culture. The cell lines used in this study and their radiosensitivities are shown in Table 1 . Cells were grown as monolayers in DMEM and maintained as logarithmically growing cultures. Primary fibroblast cultures were supplemented with 20% fetal bovine serum, whereas tumor cell cultures were supplemented with 10% fetal bovine serum. The primary human fibroblast cell lines were obtained on protocols approved by our Institutional Review Board. One protocol involved the acquisition of primary fibroblasts from patients with abnormally severe radiation reactions; the other involved the generation of primary fibroblast cultures from patients heterozygous for BRCA mutations (20) but no diagnosis of cancer. Five "BRCA normal" cell lines without known mutations in DNA repair/signaling genes were also included (C42, C74, S23, C37, or C80). SF2 Determination. SF2 was determined for each cell line by methods described previously (20) . Radiosensitivity was measured by at least three independent clonogenic assays. These were performed within approximately 5-10 population doublings of the population used for DNA-EBC analysis. This was done to minimize possible senescence-related changes in SF2 in primary cells and any possible genetic drift in tumor cell populations. Our data generally agree with the published SF2 values for these cell lines.
Nuclear Extract Preparation. Cells were rinsed twice with ice-cold PBS, harvested by scraping with a rubber policeman, and centrifuged at 800 rpm for 10 min at 4°C. The cells were resuspended in 400 l of cold lysis buffer [10 mM HEPES (pH 7.9), 10 mM Kcl, 0.1 mM EDTA, 0.1 mM EGTA, and 1 mM DTT], 2 g/ml leupeptin, 2 g/ml aprotinin, and 0.5 mM phenylmethylsulfonyl. After a 10-min incubation on ice, 12.5 l of 10% NP40 was added, and the mixture was vortexed for 5 s. The lysate was centrifuged for 5 min at 4°C (14,000 rpm). The supernatant was removed and stored as a cytosolic extract. The pellet was resuspended in 30 l of extraction buffer [20 mM HEPES (pH 7.9), 400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 2 g/ml leupeptin, 2 g/ml aprotinin, and 0.5 mM phenylmethylsulfonyl] and extracellular membrane disruption confirmed microscopically. Samples were then vortexed thoroughly and incubated on ice for 30 min. Every 10 min, the preparation was vortexed. After 30 min, the extract was centrifuged for 10 min at maximum speed (14,000 rpm) at 4°C. The supernatant, designated as nuclear extract, was divided into aliquots and stored at Ϫ70°C (21). Because SF2 can be dependent on the length of time in culture due to genetic drift of the population, it was considered important to obtain nuclear extracts for cells that were as near as possible in passage number to those used for SF2 determination. Nuclear extracts were made from peripheral blood lymphocytes using a slight modification of the above-described procedure. Detection of DNA-EBCs. The DNA-EBC assay, which is a modified electrophoretic mobility shift assay, was performed using the method we described previously for rodent nuclear extracts (22) . Briefly, nuclear extracts (0.2-1.0 g) were incubated with 0.5 ng of 32 P-labeled oligonucleotide probe (144-bp fragment of pUC18) for 20 min at room temperature. Plasmid DNA (1 g of closed circular pUC18 DNA) was used as a nonspecific competitor in a final volume of 20 l of binding buffer [10 mM Tris-Hcl (pH 8.0), 0.1 mM EDTA, 150 mM NaCl, 1 mM DTT, 1 mM phenylmethylsulfonyl, and 10% (v/v) glycerol]. The protein concentration of each nuclear extract was estimated as we have described previously (22) , identical amounts of protein were loaded into each lane, and the electrophoretic mobility of the protein-DNA complexes was analyzed in 5% PAGE gel at 20 -25 mA in TBE buffer [45 mM Tris-Hcl (pH 8.0), 45 mM boric acid, and 1 mM EDTA]. The dried gel was subjected to autoradiography. The technique has been widely described by other authors as a way to analyze DNA end binding proteins (23, 24) .
pUC18 plasmid was digested with PvuII and EcoRI to generate a 144-bp probe. The probe was purified by 8% PAGE and electroeluted in 10 mM Tris (pH 8.0) and 0.1 mM EDTA. The eluted DNA fragments were concentrated in a Qiaquick gel extraction column (Qiagen, Valencia, CA). The probe was 32 Plabeled using the Klenow fragment of DNA polymerase I in the presence of [ 32 P]dATP (Dupont, NEN, Boston, MA), and the unincorporated nucleotides were removed by chromatography on Sephadex G-50 spun columns (25) .
DNA-EBC analysis was done at least in triplicate [typically using a phosphoimager (Typhoon 9400; Amersham Biosciences, Piscataway, NJ) and ImageQuant image analysis software (Sunnyvale, CA)], and densitometry was performed. The density of each band was corrected for the density of the corresponding lane in a region below band-A far from a DNA-EBC. It was not possible to run all samples on a single gel. Comparison between gels was accomplished by normalizing all of the band densities to a normal control (usually C80) that was present on all of the gels.
The mixing studies shown in Fig. 5 were performed by first mixing nuclear extracts in the indicated proportion based on nuclear protein concentration. Radiolabeled oligonucleotide was added to the extract mixture, followed by electrophoresis and autoradiography.
Correlations between band-A densities and SF2 were calculated using linear regression, along with their significance expressed as a P. We considered other types of regression analyses, because there was no biological reason to assume that the relationship between band-A density and SF2 should be linear. The r 2 value for primary cells was slightly better (0.85) for an exponential fit than for a linear regression (0.77). However, when the data from primary and tumor cells were pooled as shown in Fig. 6 , a linear regression was a better fit. Therefore, for consistency, we chose linear regression analysis for all of the results.
RESULTS

DNA-EBC Pattern Predicts SF2 of Primary Fibroblasts.
A representative DNA-EBC analysis is shown in Fig.  1A . We noted that there were at least 10 bands present in DNA-EBC gels from normal primary human fibroblasts, but the relative intensity of each band could vary significantly from cell line to cell line. It was noted that the relative intensity of the band labeled "band A" decreased as SF2 decreased. Densitometry was performed, and the relative density of band A was plotted versus SF2 (Fig. 1B) . This analysis demonstrated a strong statistical correlation between SF2 and band-A density (r 2 ϭ 0.77; P Ͻ 0.000005). This analysis included cell lines with marked radiosensitivity such as ATM mutants and BRCA1 homozygous mutants, intermediate radiosensitivity such as BRCA heterozygotes and some cell lines from patients with marked radiation reactions, and normal radiosensitivity in 2 unrelated normal lines (Table 1) .
Because AT cells are particularly radiosensitive and because the ATM protein was thought to bind at sites of DNA breaks, it was hypothesized that ATM might be an important component of band A. To test this hypothesis we determined the DNA-EBC pattern of 2 cell lines derived from patients with AT. As can be seen in Fig. 2 , band A was essentially undetectable (Fig. 2, Lanes 2 and 3) in AT cells. In fact, two major (Fig. 2,  A and B) and four minor (Fig. 2 , thin arrows on the left) bands were missing in both ATM mutants compared with a normal control (Fig. 2, Lane 1) . One unique band was observed in the ATM cells (Fig. 2, double arrow, right) . Also, the relative intensity of bands was different in AT cells compared with controls, with some bands relatively more intense and others less intense. This suggested that mutations in ATM cause widespread changes in the complexes that form at DNA doublestrand breaks.
DNA-EBC Analysis of Lymphocytes Is Similar to That of Fibroblasts. To implement DNA-EBC analysis easily in the clinic, the assay would be better done on more readily available samples than fibroblasts, such as peripheral blood lymphocytes. As a first step in developing a lymphocyte-based DNA-EBC analysis, we compared the DNA-EBC pattern in two primary fibroblast lines (Fig. 3A, Lanes 1 and 2) with the DNA-EBC patterns from four peripheral blood lymphocytes samples from unrelated individuals (Fig. 3A, Lanes 3-6) . The DNA-EBCs from fibroblasts and lymphocytes were indistinguishable. Fibroblasts and lymphocytes from 2 individuals were also obtained. One patient (C84l Fig. 3B, left) was heterozygous for an inactivating mutation in ATM, and the other patient heterozygous for a deletion in BRCA1 (C85, Fig. 3B, right) . The DNA-EBC pattern was found to be similar for lymphocytes and fibroblasts derived from these patients. There are also unusual bands (Fig. 3B, arrows) in each lymphocyte/fibroblast pair that are not seen in the C80 control. Whereas the biological significance of these bands is unclear, these data suggest that DNA-EBC analysis of lymphocyte nuclear extracts can predict SF2 of fibroblasts.
DNA-EBC Pattern Predicts SF2 of Human Tumor Cell
Lines. It might be expected that the genetic variability of human tumors, or their genetic divergence from primary cells, could complicate DNA-EBC analysis. Also, the SF2 of tumor cells is often much higher than that of primary cells, which might exceed the functional range of the assay. Therefore, the DNA-EBC pattern of human tumor cell lines was determined for lines with a wide variation in SF2 (0.35 to 0.80). Fig. 4A shows representative DNA-EBC analysis. Significant variability was seen in the DNA-EBC pattern of these cells in the bands above band A. However, the band A density continued to correlate strongly with SF2. When the densitometry of band-A was plotted against SF2 (Fig. 4B) , a very strong correlation with band A density was seen (r 2 ϭ 0.91; P Ͻ 0.000005). These data demonstrate that band A density was a good predictor of SF2 in tumor cell lines as well as normal tissues.
It was possible that either total DNA end binding capacity (i.e., the total density of a lane) or the density of another DNA-EBC might correlate well with SF2 in a manner similar to that found for band-A. To test this hypothesis, densitometry was performed on either the entirety of the lane (below the well to the bottom of band-A) or bands that were easily seen and separated from neighbors (band-B or band-D as shown in Fig. 2) on each of the three DNA-EBC analyses from tumor cell lines. The results of the densitometry correlated poorly with SF2 for any of these parameters, with the correlation coefficients (r 2 ) for linear regression of 0.18, 0.44, and 0.40 for total, band-B, and band-D, respectively (data not shown). We concluded that band-A density correlated better than any other DNA-EBC component with SF2.
DNA-EBC Pattern Is Accurate Despite Contamination with Cells of Different SF2. Determining DNA-EBC patterns in tumors is likely to be more complex than for cell lines. In vivo, tumors contain both malignant and normal cells. In preclinical animal models, there will also be contamination with normal rodent cells. Therefore, it was important to determine the sensitivity of the assay to contamination with normal cells, because very small changes in DNA-EBC density could lead to a relatively large error in predicted SF2. For this reason, nuclear extracts from normal human fibroblasts (SF2 ϭ 0.4) were mixed with nuclear extracts from cells with a homozygous mutation in ATM and DNA-EBC analysis performed on the mixture (Fig.  5A) . Densitometry demonstrated that the predictive power of DNA-EBC analysis was proportional to the level of contamination. Thus, if both the SF2 and proportion of normal cells within a tumor specimen is known, the SF2 of the tumor cells can be accurately predicted. Similar to the human study, the density of band-A was proportional to the level of contamination with rodent cells (Fig. 5B) as might be encountered in the study of xenografts. Note that rodent nuclear extracts demonstrate only a single DNA-EBC as we have reported previously (22) . Perhaps most interesting was the result of mixing mouse nuclear extracts with those from AT cells (Fig. 5C ). Mouse extracts have no effect on band A at any mixing ratio. Table 1 are included in this example. B, densitometry was performed on DNA-EBCs in triplicate, normalized to that of the C29 strain, and plotted versus SF2. The correlation coefficient for linear regression was 0.77. Data points represent the mean of at least three determination of both SF2 and DNA-EBC density.
DISCUSSION
Our data demonstrate that the density of band A is an excellent predictor of primary fibroblast SF2 over a range of radiosensitivities (0.02 Յ SF2 Յ 0.41). Whereas the number of samples is small, analysis of Fig. 1B demonstrates that band-A density analysis can distinguish between three groups, low SF2 (SF2 Յ 0.1), intermediate SF2 (0.15 Յ SF2 Յ 0.33), and high SF2 (SF2 Ͼ 0.33). Combining Fig. 1B and Fig. 4B (Fig. 6 ) also clearly demonstrates the predictive power of band-A density. This suggests that band-A density can be used as an intermediate marker for patient intrinsic radiosensitivity. Previous reports have shown that SF2 of patient fibroblasts is predictive of radiation-induced late toxicity. It remains to be determined how well DNA-EBC analysis will predict toxicity; however, these observations and the ease of the assay (particularly when done on lymphocytes) suggests that a large-scale study could be undertaken to determine the predictive power in a much larger sample and correlate this with complication rate.
Using a clonogenic survival assay of dermal fibroblasts, previous reports have correlated SF2 with the degree of skin fibrosis after breast radiation (26) . However, acute reactions and skin erythema were not predicted by this assay. Another study (27) also demonstrated that fibroblast SF2 correlated with the maximal toxicity grade for patients irradiated for breast cancer. In selected cases, patients with severe DNA repair deficits such as ataxia telangiectasia can have their treatment tailored to their intrinsic radiosensitivity with good results. In one report, a patient with an inherited defect in DNA repair (ataxia telangiectasia) with medulloblastoma was treated with 0.6 Gy fractions to 15 Gy, based on the measured SF2 of his fibroblasts (28) . The sibling of this patient had severe toxicity when treated with standard radiotherapy doses, whereas the patient with individualized therapy had good local control and no severe side effects after 9 months. This demonstrates that, at least in rare patients with severe repair deficits, treatment might possibly be individualized based on SF2.
A study by Stausbol-Gron and Overgaard (29) compared SF2 of tumor cells and local-regional control. In 38 patients, Fig. 2 Comparison of DNA-end-binding complex (EBC) pattern from normal and AT cells. DNA-EBC pattern of normal human fibroblasts (C29), and fibroblasts from patients with ataxia telangiectasia. Those bands marked at the left were absent from ATM mutants. Bands A and B are major absent bands. The bands marked at the right were not affected by ATM mutation. Band D was the major band that was unaffected by ATM mutation. The double arrow (right top) demonstrates a band present in ATM mutant cells but absent in normal controls. Fig. 3 The DNA-end-binding complex (EBC) pattern of lymphocytes is similar to that of fibroblasts. A, comparison of DNA-EBC pattern from fibroblasts (Lanes 1 and 2) and lymphocytes from unrelated individuals (Lanes 3-6) . B, DNA-EBC pattern of lymphocytes and fibroblasts from a patient heterozygous for ATM mutation (left), and a patient heterozygous for an inactivating mutation in BRCA1 (right) compared with normal control. An arrow indicates bands seen in both lymphocyte/fibroblast pairs that are not seen in the C80 control. tumors were biopsied, explants cultured in soft agar, and SF2 determined. They found no correlation between SF2 and locoregional control for these patients treated with radiation alone. Interestingly, they also found no correlation between tumor cell SF2 and fibroblast SF2, suggesting that these are independent parameters. One caveat of their observation was that their plating efficiency was extremely low (only 1 of 38 was Ͼ1%, and 7 were ϳ0.01%), suggesting that they may have measured SF2 only on a small subset of tumor cells. In fact, 5 tumors had SF2 of 1.00, yet 2 of these patients had local control! Therefore, SF2 of small tumor subsets must not be representative of the entire tumor population.
A larger study (30) of 84 curatively treated patients with head and neck cancer did demonstrate a significant correlation between tumor SF2 and local control (P ϭ 0.036), but not survival. These patients were treated with a variety of radiationcontaining regimens, and some patients received surgery or chemotherapy. The median follow-up was 25 months in this study, in contrast with the Overgaard study, which had a median follow-up of only 14 months. They did not discuss the plating efficiency for the tumors in their study. Thus, SF2 is predictive of local control in head and neck cancer in the largest study with the longest follow-up.
SF2 may not be predictive of local control for all tumors. For example, SF2 was not predictive of outcome for glioblastomas (31) . There are many reasons why SF2 will not predict tumor cure for all patients. Any effects that are due to the tumor environment such as hypoxia (32) , angiogenesis (33) , tumor immunity (34), or cell cycle distribution (35) will not be predicted by standard SF2 studies. Interestingly, cell cycle effect can be predicted by DNA-EBC analysis. 4 However, as we better understand and can predict intrinsic tumor response to therapy, we should be able to better triage patients for aggressive therapy. Certainly, the environment of normal cells should be more similar from patient to patient than the tumor environment, suggesting that DNA-EBC pattern may be a better predictor of toxicity than tumor response.
Band-A density also correlates very well with SF2 of tumor cell lines (r 2 ϭ 0.91), and the analysis of Fig. 4B suggests that band-A density can at least dichotomize between tumors with SF2 above and below 0.60. This is potentially important, because other investigators have shown that tumor cell SF2 can predict outcome, particularly for head and neck and cervical cancers, but not gliomas (29 -31, 36, 37) . DNA-EBC analysis has a marked advantage over other assays in that tissue culture is not required. Fig. 6 is a composite of Fig. 1B and Fig. 4B , and shows that band-A density is extremely predictive of SF2 over the entire range of SF2 studied (0.02 Յ SF2 Յ 0.80; r 2 ϭ 0.89; P Ͻ 0.000005). Thus, band-A density is predictive of SF2 over the range of radiosensitivities likely to be encountered in clinical practice.
The mixing studies provide additional support for the idea that DNA-EBC analysis of tumors will be practical. Band-A density can be reproducibly and accurately measured when samples are minimally contaminated with cells of different SF2 or from other species. This is in contrast with PCR-based techniques that are extremely contamination sensitive. Interestingly, since rodent ATM and human ATM are highly conserved structurally, mixing nuclear extracts from these cell types might have resulted in the restoration of band A, especially when mixed 50:50. However, our observations that the presence of rodent proteins have no impact on human band-A density suggest that ATM activity (phosphorylation of human proteins) may be required for band-A assembly. ATM probably does not simply play a structural role in band A, because mouse, which is structurally very similar to the human protein, cannot assist with band-A assembly.
The mechanism by which band-A density relates to SF2 is unclear at present. The observation that band density rather than band migration speed (or perhaps broadness of the band) predicts SF2 has potential mechanistic implications, but these cannot be fully explored until all of the band components have been identified. However, we have demonstrated that band A contains at least ATM, Ku70, DNA ligase III, Rpa32, Rpa14, DNA ligase IV, XRCC4, WRN, BLM, RAD51, and p53. However, at least for the BRCA1 heterozygotes, band-A density did not correlate with the nuclear levels of any of these proteins, suggesting that band A assembly may depend on post-translational modification(s) of its components. 4 This suggests that DNA-EBC analysis may provide functional information about many proteins simultaneously, in contrast with genomic or proteomic approaches that assess only mRNA or protein levels. This may also allow the detection of post-translational modifications that are important for DNA repair. It will also be important to determine which DNA repair deficits can be predicted by DNA-EBC, and this work is under way.
Several other bands also seemed to decrease with decreasing SF2, in particular those shown by arrows to the left of Fig.  2 , all of which are absent from AT cells. We chose to study band A for several reasons. First, the other bands were either very faint or migrated very close to bands that did not have SF2- 4 Unpublished observations. dependent density. Second, the analysis of band components is easier for more rapidly migrating bands (particularly when using supershift analysis 4 ). Finally, the density of band A correlated better with SF2 than the density of any other easily measured band.
In summary, band-A density was predictive of SF2 over a wide range, although it seemed somewhat more predictive at higher SF2s. Band-A density of lymphocytes may provide an easily accessible source for SF2 prediction and so possibly predict normal-tissue toxicity from radiation. Band-A density was also very predictive of tumor cell SF2, with the potential to stratify individual tumors based on radiosensitivity. Finally, the relative insensitivity of band-A density to contamination may make DNA-EBC analysis more practical than other approaches.
